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Introduction
Recently we have reported a number of halogenocis-bis(phosphine)metal derivatives of pentaborane (9) , in which the metal was nickel(II) [1] , palladium^), or platinum(II) [2] , and which were prepared by the metathesis represented by equation (1) . NMR evidence and analogy with the known [3] structure of the bis(triphenylphosphine)copper(I) analogue, [Cu(B5Hs)(PPh3)2], led to the conclusion that these had stereochemistry as in structure (I),
[B5H8]-+ [M(X)2(PR3)2]
[M(B5H8)(X)(PR3)2] + X" (1) but certain aspects of the NMR behaviour were puzzling. For example, the X H and n B NMR data
available for the nickel(II) derivatives were interpreted [1] in terms of a fluxional structure, in which the metal moiety was undergoing rapid exchange with the bridging hydrogen atoms on the pentaboranyl cluster. This was in contrast to the structure of a representative platinum(II) analogue which was found [2] to have a static structure, and it was not clear why the change in the metal atom should * Reprint requests to Dr. J. D. Kennedy. 0340-5087/79/0600-0808/$ 01.00/0 cause this particular difference. Secondly, the n B NMR resonances for the basal boron atoms B(2)-B(5) in the nickel(II) compounds were apparently [1] much sharper than those for the platinum compounds [2] and again it was not clear why this should be so. For these and other reasons we have therefore examined the NMR behaviour of these compounds in greater detail and also at higher frequencies. We have chosen compounds with bis(diphenylphosphino)ethane [dppe, Ph2PCH2CH2PPh2] as ligand since these are known [1, 2] to be relatively stable.
Experimental
Compounds were prepared as previously reported [1, 2] and their purity was checked by elemental analyses and by the monitoring of their iH, n B and 31 P NMR spectra for spurious peaks. NMR measurements were carried out at the stated temperatures in the pulsed (Fourier transform) mode using a JEOL FX-100 spectrometer equipped for 1 H, 11 B-{ 1 H}, and 31 P-{ 1 H} operation and modified for 1 H-{ 11 B} experiments. Low temperatures were often used to minimise decomposition during the course of an experiment, and this often had the advantage of increasing the signal-to-noise ratio somewhat. Chemical shifts are presented in the convention that resonances to high frequency (lower applied field) of the reference standard are positive; the standards used were Me4Si (internal), BF3OEt2 (external) and 85% H3P04 (external) for m, n B and 31 P respectively. Accumulation and data-processing parameters were chosen so that digital resolution and any effects due to artificial line-broadening were well within the error limits quoted. The 31 P Ti measurements were made on a degassed sample using the 180°-T-90° pulse sequence and the quoted values were obtained from a semi-logarithmic plot. The 180° and 90° pulse-widths determined for the sample used were 32 and 16 //s, respectively. at half-height for the high-frequency resonance envelopes in the chloro-compounds being ca. 440, 370, and > 700 Hz, respectively, and for the lowfrequency resonances ca. 65, 75, and 105 Hz, respectively (saturated solutions in CD2CI2 at 23 °C). On broad-band irradiation at *H frequencies, the high-frequency resonances sharpened somewhat, and the low-frequency doublet became a singlet of similar linewidth to the components of the undecoupled doublet. In contrast to previous reports for the nickel [1] and palladium [2] compounds, no multiplet structure for the larger, high-frequency resonance was apparent at 32 MHz, but experiments on [Pt(B5H8)(Cl)(dppe)] conducted at 64 MHz [4] distinguished two resonances of about equal intensity in this region with short quadrupolar relaxation times Ti which were of the order of 1 ms and which differed by a factor of approximately two (Table I) ; however, at 32 MHz 'partially relaxed' spectroscopy [5] and line-narrowing failed to separate these satisfactorily. On storage in CDCI3 or CD2CI2 solution at room temperature, samples of the nickel and palladium compounds developed additional U B (and iH) resonances attributable to pentaborane(9). 
Results

Boron-11 NMR spectra
The 32 MHz n B NMR spectra of each of the compounds examined consisted of a broad resonance, relative area 4, to high frequency (i. e. lower applied field), and a sharper doublet, relative area 1, to low frequency {i.e. higher applied field) ( Fig. 1 and Table I ). The breadth of the lines in the spectra was generally in the sequence Pt~Pd <Ni, the widths 
Proton NMR spectra
The 100 MHz (broad band)} NMR spectra showed well-defined resonances for the bridging hydrogen atoms, but one or other of the terminal boron hydride resonances was always obscured by overlapping resonances due to the methylene protons of the phosphine ligand. How- Fig. 2 . Boron hydride region of a 100 MHz 1H-{UB(broad band)} NMR spectrum of [Pt(B5H8)(Br)(dppe)] in saturated C6Ü6 solution at 24 °C (upper trace), and with the subtraction of an equivalent undecoupled spectrum (lower trace).
ever, subtraction of equivalent undecoupled spectra, in which the effects of coupling 1 J( 11 B-1 H) effectively reduce the terminal boron hydride resonances to a somewhat irregular baseline, removed from the spectrum those proton resonances which did not exhibit coupling to the boron nuclei, and thus permitted an unambiguous identification of the proton resonances due to the BöH8 moiety ( Fig. 2 and Table I ). Relative intensities and chemical shifts were used to assign the bridging and apical proton resonances, and selective 1 H-{ 11 B} experiments [2] confirmed the latter. At 100 MHz, the resonance of the proton in the fx-(4, 5) bridging position in the platinum compounds was not w r ellresolved from that due to the ju- (3, 4) and /u- (2, 5) protons, but these were readily distinguishable at 200 MHz [4] . The basal terminal proton resonances has an intensity ratio of 2:2; for the nickel and palladium compounds the assignment of these between the (2, 3) and the (4, 5) 
Phosphorus-31 NMR spectra
The 40 MHz sip NMR spectra (Table I) of the nickel, palladium, and platinum compounds at ambient temperatures consisted of two resonancesa sharp doublet and a broad resonance (e.g. Fig. 3 
Discussion
The relative intensities and multiplicities of the boron hydride proton resonances (Table I and Fig. 2) are clearly consistent with the static structure (I) for all the representative nickel, palladium, and platinum compounds examined and there is no evidence for fluxional behaviour at ambient or nearambient temperatures; it seems likely that the previous contrary conclusion [1] made for the nickel compounds arose because of decomposition of the solutions examined to yield pentaborane (9), probably arising at least in part from protolysis by the acidic hydrogen atoms of the chloromethane solvents used; a similar phenomenon has been noted [4, 7] for the related copper(I) compound
There is no regular change in the proton shieldings as the metal is varied; this is not unexpected since these will be governed by a balance of local and non-local effects including anisotropic electronic circulation (and, in the case of the nickel compounds, possible paramagnetic delocalisation [8] ) associated with the metal atoms which are not well understood. In the platinum compounds, however, there are unidirectional changes with increasing atomic weight of the halogen atom. These merit little comment although it may be pointed out that the chemical shifts of the bridging protons are as anticipated on the basis of structure (I) in which dispersion forces resulting in the restriction of the proton diamagnetic shielding would arise from close non-bonded approach of the polarizable halogen atom X. This clearly would not be the case for the other hypothetically possible isomeric structure which can be formally derived from (I) by the interchange of X and Pi but which in any event is unlikely on steric grounds. We have not found any evidence for any isomeric forms, other than that of structure (I).
The solvent effects on dissolution in benzene (Table II) are interesting in that all the borane proton resonances exhibited a considerably decreased shielding; the accompanying shielding increase for the ligand methylene protons may therefore indicate preferential transient solvation in which the benzene molecules lie above and below, and approximately parallel to, the diphosphaplatinacyclopentane ring, and also insert between the geminal phenyl groups of the ligand.
The static structure (I) implies two U B resonances for the basal boron atoms but with the observed line widths these would have to be separated by several ppm to be distinguishable at 32 MHz. In the case of the platinum compounds, which have narrower lines, they are just distinguishable at 64 MHz [4] . The short relaxation times which determine the broadness of these lines are of interest; a similar broadness has been noted [9] for the copper(I) compound [Cu(B5H8)(PPh3)2], but this is not the case for all metallo-m(Zo-pentaboranes. A survey of the literature for diamagnetic transition metal boranes in general shows that 'broad' or 'not well resolved' lines are generally associated with metals which have large ligands such as the aryl phosphines [10] ; smaller groups such as carbonylmetal, or cyclopentadienylmetal, species are associated with sharper lines. It is unlikely that these ligand variations will significantly affect the electric field gradients at the boron nuclei within the clusters, and so the shorter U B relaxation times associated with bulkier ligands must arise from the increased molecular reorientation correlation times of the larger molecules [10] ; the [dppe] ligand for example has over six times the molecular weight and occupies 5-6 times the volume of a cyclopentadienyl or nidopentaboranyl ligand. On this basis, however, the greater broadness and different chemical shifts of the spectra for the nickel compound are not explained; in this case the effects may possibly arise from some equilibration with small amounts of a high-spin tetrahedral species [8] , although in the absence of crystallographic evidence the possibility of a metallahexaborane [11] structure cannot be rigorously excluded.
The couplings 2 J( 31 P-31 P) measured from the 31 P spectra (Table I) are as may be expected, and the significance of 1 J( 195 Pt-31 P) has been discussed elsewhere [2, 12, 13] . The 31 P chemical shifts for [M(BsH8)(Cl)(dppe)] do not follow a linear sequence as the metal atom M is changed in the order Ni, Pd, Pt, but the measurements for the dichloro derivatives [M(Cl)2(dppe)] show that this is also to be expected.
Line-narrowing experiments indicate that the broadness of the lines due to the phosphorus nuclei trans to the borane cluster is probably not due to partially resolved or unresolved coupling 2 J( 31 P-n B) although we note that the observed n B relaxation times Ti together with the observed 31 P line widths (ca. 35 Hz at 20 °C) for [Pt(B5H8)(Cl)(dppe)] would imply [14] a small but not unreasonable value for 2 J( 31 P-Pt-U B) (trans) of not more than ca. 10 Hz if this were the case. It is more likely that the dominant contribution to the broadness arises principally from scalar contributions to T2; the observed n B Ti values together with the 31 P line-widths would imply a perhaps more reasonable [15] value for 2 J( 31 P-U B) of a few tens of Hz if this were so. although it is difficult to assess more precisely the effect on these processes of the complex spin systems involving U B and/or l0 B which result from the BsH8 cluster. The removal of the broadening at lower temperatures is consistent with either mechanism. It may be noted that any scalar contributions to Ti will be negligible for coupling between two dissimilar nuclides such as 31 P and n B; in the present case this was confirmed by Ti measurements on both the main 31 P resonances in [Pt(BsH8)(Cl)(dppe)] which showed that both had very similar Ti values at both high and low temperatures, Avhich were within ranges typical [16] for bis(phosphine)platinum(II) compounds of this bulk and stereochemistry.
